). Thus, high-latitude seas are a bellwether for prospective impacts of ocean acidification on marine organisms at mid and low latitudes.
Because of the large and rapid rates of change now underway in polar seas, these regions constitute ecosystem laboratories for diverse studies in ocean acidification aimed at investigating its effects on physiological processes and action mechanisms, assessing potential acclimation and adaptation, and modeling future impacts at population, community, and regional scales.
the Southern Ocean
The Southern Ocean is a major region of oceanic uptake of anthropogenic CO 2 , with about 40% of the total ocean inventory of anthropogenic CO 2 entering south of 40°S Khatiwala et al., 2009 ). In the Southern Ocean south of 60°S, the average depth of the aragonite saturation horizon currently is about 730 m Orr et al., 2005) . Based on model outputs from 13 ocean models and global gridded data (Key et al., 2004) , Orr et al. (2005) Ocean is expected to progressively shoal to the surface ocean when seawater pCO 2 values approach 560 ppmv, which could occur by mid century (Orr et al., 2005; Steinacher et al., 2009; Feely et al., 2009 ). When seasonal variability of the carbonate chemistry is considered, however, aragonite undersaturation is projected to occur during wintertime as early as 2030 (McNeil and Matear, 2008) .
Because calcite is less soluble in seawater than aragonite, calcite undersaturation in surface waters is predicted to occur later as seawater pCO 2 reaches 900 ppmv (Orr et al., 2005; Fabry et al., 2008) . Ocean, and parts of the subarctic Pacific will become undersaturated with respect to aragonite by the end of this century aBStr act. Owing to anthropogenic-induced acidification, surface waters of the high latitudes are projected to become persistently undersaturated with respect to aragonite as early as mid-century. Seasonal aragonite undersaturation in surface and shallow subsurface waters of some northern polar seas has already been observed.
the arctic Ocean
Calcified marine organisms, including thecosomatous pteropods, foraminifers, cold-water corals, sea urchins, molluscs, and coralline algae, make up significant components of the rich communities in high latitudes, and they are thought to be at risk with increasing ocean acidification. Over the next decades, trends of rising temperatures and species invasions coupled with progressive ocean acidification are expected to increasingly influence both planktonic and benthic marine communities of Antarctica and the Arctic. The rate and magnitude of these changes underscore the urgent need for increased efforts in ocean acidity research and monitoring in polar and subpolar seas.
Makarov basins), high rates of seasonal productivity over the shelves draw down pCO 2 in surface waters. As these shelfmodified waters are exported offshore, the perennial ice cover has, until recently, prohibited significant equilibration with the atmosphere, creating a polar mixed layer that is undersaturated with respect to atmospheric CO 2 . However, the rapid retreat of summertime sea ice cover has exposed these waters to the atmosphere, allowing for enhanced air-sea exchange, and increased the sink for atmospheric CO 2 from 24 TgC yr -1 to 66 TgC yr -1 over the past three decades . Furthermore, melting of sea ice reduces the CaCO 3 saturation state of seawater, primarily by reducing alkalinity (Steinacher et al., 2009 Polar marine invertebrates often exhibit low metabolic rates (Bluhm et al., 1998; Peck and Conway, 2000) and very slow development and growth (Pearse et al., 1991; Arntz et al., 1994; Coyle and Highsmith, 1994) are increasing in the north (Grebmeier et al., 2006 , Cui et al., 2009 ), whereas ampeliscid amphipods that are the prey of gray whales are declining (Moore et al., 2003; Coyle et al., 2007) . Whether these crustaceans will be impacted by increasing CO 2 levels in bottom waters is unknown. Other taxa potentially at There are also indications of a penetration of Pacific benthic clams into the Chukchi Sea (Sirenko and Gagaev, 2007) and movement of Pacific zooplankton species into the Beaufort Sea (Nelson et al., 2009) . Seasonal air temperatures recorded over the past 60 years indicate that the western Antarctic Peninsula is now the most rapidly warming region on Earth Ducklow et al., 2007; McClintock et al., 2008) OVer tHe Next decadeS, tHeSe treNdS OF riSiNG Seawater temperatureS aNd iNVaSiVe FauNa cOupled witH prOGreSSiVe OceaN acidity are expected tO iNcreaSiNGly iNFlueNce BOtH plaNktONic aNd BeNtHic mariNe cOmmuNitieS OF aNtarctica aNd tHe arctic.
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